Introduction 58
The enterobacterium Yersinia ruckeri is a major fish pathogen world-wide; and has 59 mostly been studied has the causative agent of enteric red-mouth disease in 60 salmonid fish (1, 2) . It is associated with acute outbreaks, especially in younger fish, 61 and causes septicaemia and haemorrhages leading to high levels of mortality in 62 infected fish (1-3), especially at temperature between 18 and 20°C. The bacterium 63 has zoonotic potential and has been associated with topical infections in humans (4). 64 Like several other enterobacteriaceae including other members of the genus 65 Yersinia, Y. ruckeri has demonstrated the ability to survive within macrophages (5) as 66 well as invade non-professional phagocytic cells (6, 7) . This likely allows the access 67 to some restricted nutrients and protects it from the immune system, moreover it Two main mechanisms of entry have been described in bacteria, and both are 71 present in Enterobacteriaceae. In the trigger mechanisms, effector proteins secreted 72 through the type three and type four secretion system (T3SS and T4SS) interact with 73 regulatory proteins, in particular members of the Rho family (RhoGTPases Rac, 74 Cdc42 or RhoG) (9). This leads to a rearrangement of the cytoskeleton of the host 75 cells resulting in the uptake of the bacterium (10, 11) . Interestingly, while Y. pestis is 76 known to harbour a T3SS and some of its effector proteins have been shown to 77 target the cytoskeleton and actin filaments. However, these effectors seem to play a 78 role in preventing phagocytosis by professional phagocytic cells rather than to 79 promote intracellular invasion (12). However, the T3SS of Y. ruckeri actually belongs 80 to the Ysa family of T3SS, a different family than the one present in Y. pestis. It could 81 therefore play a different role in the virulence of Y. ruckeri. Indeed, Ysa is more 82 homologous to the T3SS carried on the Salmonella pathogenicity island 1 (SPI-1) of 83 Salmonella enterica (13, 14) . Among the proteins carried on the SPI-1 is the 84 chaperon Invasion protein B (InvB) and the SPI-1 is known to play a role in the 85 intracellular invasion of S. enterica (15, 16) so the Ysa of Y. ruckeri could plausibly be 86 involved in intracellular invasion of Y. ruckeri. However, our knowledge of the Ysa 87 T3SS, and that of Y. ruckeri in particular is still incomplete (17) and no conclusion is 88 currently possible.
89
The other most studied mechanism of entry is the zipper mechanism that is 90 considered as the main mechanism of entry for bacteria belonging to the genus 91 Yersinia. It is initiated by the binding of the bacteria to specific molecules on the cell 92 membrane. For example, in Y. pestis, the attachment-invasion locus (ail) of Yersinia 93 pestis is a 17.5 kDa outer membrane protein that plays multiple roles in virulence 94 (18), including a minor role in binding to fibronectin (12, 19, 20) . Similarly, the 95 5 Plasminogen activator (Pla) has been shown to have adhesive property for laminin 96 (21) and likely moonlights as an adhesion factor. In Y. pseudotuberculosis and Y. 97 enterocolitica, the membrane proteins invasin (Inv) and Yersinia adhesin A (YadA) 98 interact with integrin receptors (22) . Interactions of the bacteria with the cell surface 99 receptors lead to the recruitment of more receptors, activation of Rac1 and 100 cytoskeletal rearrangement culminating in the uptake of the bacterium (23).
101
An important feature of both invasion mechanisms is that they require active 102 uptake of the bacterium by the cell and it is possible to prevent host cells from 103 internalising the bacteria, for example by treating them with chemical blockers (24).
104
This is for example the case for Y. ruckeri and several chemical blockers have been 105 shown to prevent bacterial invasion (6, 7).
106
Beside chemical blockers, silencing of the genes involved with internalisation has 107 also been shown to have inhibitory effects. For example, a screening was performed 108 using 23300 dsRNA to silence over 95% of the annotated genes on the genome of 109 drosophila. This allowed to identify 305 genes whose inhibition interfered with the In the present study, we aimed to produce siRNA to silence 20 genes selected 
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Several notable genes were found to be necessary for the intracellular 137 invasion process: Silencing of every one of these genes resulted in reduction of the 138 number of bacteria recovered from Chinook Salmon Embryo (CHSE-214) cells at the 139 end of the assay; however, this reduction was only statistically significant in 16 out of 140 20 genes (Table 1) .
141
Among the genes whose silencing had the strongest effect were the protein kinase correlation with the escape of these bacteria from the macrophages endosomes (30).
148
Enteropathogenic Escherichia coli is also known to recruit protein kinase C to the 149 membrane of HeLa as well as the colon carcinoma cell line T84 (31) and more 150 recently, it has been shown that protein kinase C recruitment in lipid rafts was 151 induced by Enterohemorrhagic E. coli O157:H7. In the present study, silencing of the 152 gene encoding for protein kinase C resulted in a strong decrease of the cell 153 susceptibility to bacterial infection (P=0.000). Similarly, silencing of the actin gene also had a very notable effect (P = 0.000).
180
Because actin is such a central component of the cytoskeleton and because of the 181 critical role of the cytoskeleton in both the trigger and zipper mechanism (11), this 182 finding was not unexpected. 
213
The next gene whose silencing had no significant effect on the bacterial invasion 214 was the caspase I precursor (P = 0.962). Caspases take part in the cellular immune Finally, the last gene whose silencing had no statistically significant effect was the 218 cyclin D1. Cyclin D1 regulates cellular proliferation (50) and its expression is known 219 to be affected by intracellular invasion of Streptococcus pyogenes (51). However, 220 there is no evidence suggesting it might play a role in the intracellular invasion of 221 Gram-negative bacteria. Moreover, cyclin D1 is most expressed during the G1 phase 222 of the cell life cycle (50).As our cells were confluent at the time of the intracellular 223 invasion procedure, it is expected that the expression of cyclin D1 was lowered even 224 in the absence of RNA inhibition.
225
To summarise, we used RNAi to silence 20 selected genes on the genome of In each plate, as negative control, cells from the 8 wells in column 1 and 2 were 264 processed in the same manner but without the siRNA, serving. The cells were then incubated at 20°C and due to the temperature lower than 266 other cell lines commonly used for transfection, incubation time was extended to 267 three days.
268
Bacterial invasion assay. The gentamycin assay was performed as previously 269 described (6). Briefly, Y. ruckeri ATCC 29473 was cultivated overnight in brain heart Glutamax. Then, the culture medium in the wells 1A-C, 3 A-C and 5 A-C was 275 replaced by this bacterial solution (for clarity, the plate loading plan is illustrated on 276 Fig. 1 ) and the bacteria were left to interact with the cells for five hours at room 277 temperature. In the wells 1D, 3D and 5D, the medium was replaced by fresh MEM-278 glutamax without bacteria. After that time, the medium was removed, the cells were 279 washed three times with PBS and a fresh volume of MEM-glutamax, supplemented 280 with the antibiotic gentamycin (Sigma-Aldrich) at a concentration of 100 μg.ml −1 was 281 added to the wells. The antibiotic was left to act for four hours. Afterwards the cells 282 were washed twice with PBS before replacing the medium supplemented with 1%
283
Triton-X (Sigma-Aldrich). After 10 minutes of exposure to the detergent, the cells 284 were triturated with a micropipette and serially diluted from 10 −1 to 10 −4 before being 285 plated onto Brain heart infusion agar (BHIA, Oxoid). Each of the three wells 286 represented a biological replicate and each dilution was plated in technical 287 quadriplicates, meaning that 48 plates were inoculated for each siRNA. The agar 288 plates were incubated at 22°C until clear colonies were visible and counted (generally 289 after 48 hours). The corresponding average CFU per ml value was then calculated.
13
To minimise the effect of the variation between cell and bacterial culture, these 291 values were always compared to that of the control CHSE-214 cells from the same 292 plate (Fig 1) .
293
Controls. For each siRNA, in the 24 well plate the cells of number 1D, 3D and 5D 294 were left un-inoculated then lysed and plated to act as a negative control and detect 295 any contamination of the reagents while the cells in 2D, 4D and 6D were exposed 296 tested using a trypan blue assay. Briefly, the cells were washed three times in PBS, 297 then 0.2% Trypan Blue (0.4% diluted 1:1 in PBS) was added. The cells were stained 298 for 1 minutes prior to fixation with 4% formalin for 10 minutes Afterwards they were 299 rinsed several times until any trace of blue dye had disappeared. The plates were 300 kept at 4°C until quantification of the cells using an inverted microscope (Leica DM 301 IRB). One hundred cells were counted and the number of blue stained cells among 302 them was recorded. The procedure was repeated 4 more times for each culture unit 303 to result in 5 percentage values for each siRNA. These were then compared to the 304 survival of the control cells without siRNA to confirm that the silencing procedure did 305 not have a toxic effect. In no instances did these numbers differ significantly from that 306 of the control.
307
Finally, the cells in the wells 2A-C, 4A-C and 5A-C were lysed in buffer RLT 308 (Qiagen). The cell solution/suspension? was homogenised using QIAshredder 309 columns (Qiagen) and centrifugation at 145000 RPM for two minutes at room 310 temperature using MiniSpin tabletop centrifuge (Eppendorf). Afterwards, the RNA 311 were extracted using the Rneasy mini kit (Qiagen) according to the manufacturer's 312 handbook. The RNA were immediately quantified using a Nanodrop machine 313 (ThermoFisher) and cDNA were immediately synthesised using Iscript kits (Bio-Rad) 314 according to the manufacturer's instructions in a C1000 Touch thermocycler (Bio-315 Rad). Resulting cDNAs were stored at 4°C until use.
316
RTqPCRs. The primer sequences used for confirmation of silencing are listed in 317 Table 2 . Primers for ubiquitin and elongation factor 1-alpha designed by Peña et al.
318
(56) were used for the housekeeping reference genes, as these authors found them 319 among the most suitable when working with CHSE-214.
320
Genomic DNA was extracted from CHSE-214 cells using the DNeasy kit (Qiagen) 321 according to the manufacturer's instructions. End point PCR was performed using 322 these primers to confirm the optimal annealing temperature, afterwards the PCR 323 products were purified with a QIAquick gel purification kit (Qiagen). The products' 324 concentration were measured using a nanodrop, then adjusted to 10 ng.µl -1 . 325 Afterwards, serial dilution was performed to produce concentrations ranging from 10 -1 326 to 10 -4 ng.µl -1 . qPCRs were then performed on these serial dilutions as well as the 327 cDNA produced as described in the previous section. Relative gene expression 328 levels of the silenced genes were calculated using the 2 -ΔΔCt method (57) to confirm 329 the efficacy of the silencing. The serial dilutions were used to calculate the R 2 and 330 efficiency of the qPCRs and confirm that these were above 0.9 and between 95 and 331 100% respectively for every qPCR. genes whose silencing did not significantly impact the gentamycin assay.
514
Gene name Function Significance
Protein kinase C Signal transduction P = 0.000
Rab-1A
Vesicular trafficking P = 0.000
SEC22b-B
Vesicular trafficking P = 0.002
Vacuolar ATP synthase subunit A Vacuolar protein sorting P = 0.003 VPS-associated protein 33A Vacuolar acidification P = 0.002
Rho1-GTPase
Cytoskeleton organisation P = 0.006
Ubiquitin conjugating enzyme E2L3
Tagging of protein for ubiquitin degradation P = 0.003
Sumo 2
Post-translational modification system P = 0.005
Equilibrative nucleoside transporter 1
Cellular uptake of nucleosides P = 0.000
Integrin β-1 precursor Integrin P = 0.000
Actin
Cytoskeletal apparatus P = 0.000
Rac1
Cell growth & cytoskeletal reorganization P = 0.000
SDC42
Rearrangement of actin filaments P = 0.001
Rho GTPase-activating prot. Rearrangement of actin filaments P = 0.795
Laminin
Structural scaffolding of the tissues P = 0.006 
E-cadherin
